Measurement of soluble proteins in lung secretions
In performing its role as a gas exchanging organ the human lung constantly exposes a large surface area to the atmosphere, which contains particulate and chemical material either environmental in origin or self administered. There are several surface defences, however, that protect the lung from these potentially toxic substances; these include phagocytic cells, mucus, ciliated epithelium, and proteins such as the immunoglobulins and proteinase inhibitors.
For most people this protective "screen" enables lung function and architecture to be preserved throughout life. A small proportion of the population, however, develop symptomatic and destructive, sometimes fatal, lung diseases. The events which result in failure of the normal protective mechanisms within the lung are largely unknown.
Although the "accessibility" exposes the lung to environmental hazards, it also offers the unique opportunity to study events where the exposure takes place, at the lung air interface. With the advent of fibreoptic bronchoscopy it became possible to obtain secretions and cells directly from the surface of the lung, where the defence systems are active. The application of modern research techniques in biochemistry, immunology, and cellular biology has enabled a closer study of the immediate environment of the lung to be made in both health and disease.
Potentially this form of research could provide new insight into the specific defects in the protective screen responsible for the susceptibility of individuals to the development of disease. It might become possible to identify those individuals in the population who are most at risk from lung disease and to provide information necessary for more rational and specific approaches to prevention and cure. ' Despite all this promise and the rapidly expanding literature on all aspects of pulmonary defence there remains uncertainty about the interpretation of results obtained from bronchoalveolar lavage specimens. This is particularly true of the study of proteins in lung secretions and is the consequence of many things, including lack of information concern-ing the role of the proteins and uncertainty about the accuracy of their measurement and the effect of dilution by fluid instilled to collect secretions as well as the uncertain effect of factors such as inflammation and the local production and local metabolism of proteins, which determine the concentration of proteins in the secretions. It These early studies suggested at least three mechanisms which could account for the presence and concentration of proteins within the lung secretions: passive transudation from serum, active transport from serum to the secretions, and local production within the lung. Combinations of these mechanisms, it was realised, might occur. 6 Direct evidence for any of these processes, however, is not abundant.
Passive transudation
The observation that radiolabelled albumin which has been injected into the peripheral circulation later appeared in lung secretions provided clear indication that transudation can occur. ' Similarly, the finding that a rise in the concentration of a, antitrypsin in lung secretions follows intravenous administration of the protein to a, antitrypsin 241 deficient subjects 9 confirms that protein movement can take place from serum to the secretions.
Although the route of entry of proteins into the lung secretions is uncertain it has been suggested that a filtration system operates, which limits the concentration of the serum proteins according to their molecular size.'0 A similar effect has been observed for other body fluids, such as cerebrospinal fluid" I and amniotic fluid. ' "') .
Although these general concepts of the mechanisms concerned in determining the concentration of proteins in lung secretions are relatively simple, there are many practical considerations that can affect the measurements and thus complicate the interpretation of results in both normal and pathological lungs.
Mucus
All samples of lung secretions, whether collected as expectorated sputum, by direct aspiration from the upper bronchial tree, or as bronchoalveolar secretions obtained by lavage techniques, contain some mucus. This makes the measurement of proteins by immunological techniques difficult, so that all secretions require special treatment before the measurements are made. In the past workers have made the secretions homogeneous either by chemical (enzyme degradation) or physical (ultrasonification) techniques. Since both techniques are likely either to damage the proteins or to rupture cells, thereby releasing further proteins, homogenisation of the secretions is probably the least satisfactory approach.
Most workers separate the mucus from the liquid phase by techniques that depend on the nature of the secretions studied. Ultracentrifugation is used for samples which are predominantly mucus (sputum and tracheobronchial secretions) and this separates them into a sol phase and a gel phase pellet. The former phase is studied and the gel phase discarded. Samples obtained by lavage techniques are usually strained through gauze to remove the larger amounts of mucus and then centrifuged at either low or high speed for lengths of time which may vary from 10 to 90 minutes. Despite these different techniques and centrifugation methods, however, broadly similar results are obtained. '8 It has to be accepted that whatever form of separation technique is used a proportion of some proteins, such as IgA, '9 albumin,20 and leucocyte elastase,2' may bind to the mucus and thus be excluded from subsequent analysis. Despite this the soluble phase proteins behave in a manner suggestive of size dependent limitation of diffusion from serum, with "local production" of some specific proteins.6 The results suggest that the behaviour of most proteins can be assessed from the sol phase and furthermore that this phase does contain the diffusible protein.
Whether or not an important proportion of protein that might reflect the pathogenesis of lung disease is permanently bound to lung mucus remains uncertain.
Collection of samples
Most lung secretions are, at best, a mixture derived from different parts of the lung. Any sample is likely to contain secretion derived from different anatomical regions of the lung as well as from normal and diseased areas. In this respect sputum is the least satisfactory secretion-firstly, because it is principally a mixture of material from the ciliated mucus secreting areas of the lung and thus it probably does not contain representative quantities of peripheral bronchial and alveolar secretions; and, secondly, because it is contaminated by saliva and nasopharyngeal secretions. The effect of this contamination is uncertain. Saliva contains very little serum derived protein and its principal effect is merely to dilute the overall concentration of these proteins in the lung secretion. Secretory IgA and amylase are, however, present in saliva in relatively higher concentrations than are serum proteins, so that contamination by saliva leads to less dilution of these proteins in the lung secretions. Provided that precautions are taken to minimise the problem of contamination, saliva should have little effect on the protein profile of the secretions obtained. Indeed, recent data suggest that the variability of IgA in sputum samples both within and between patients is similar to that of albumin despite the likelihood of salivary contamination. 22 The dilutional effect of saliva is still, however, the major problem and this is conventionally overcome by the estimation of protein ratios within the secretion,6 although recent work suggests that the use of such ratios may not significantly alter the variability of the results obtained. 22 This suggests that at least some of the variability between protein concentration ratios in sputum is not simply due to the dilutional effect of saliva but may represent inherent variability of protein movements in the secretion itself. This point is further discussed below.
The obvious solution to the problem of saliva and nasopharyngeal contamination is to obtain samples directly from the bronchial tree. Unfortunately, the procedure itself can alter the nature of the secretions. Most studies are performed with the fibreoptic bronchoscope. The standard technique usually includes administration of atropine before the procedure, to reduce the volume of secretions, and the introduction of lignocaine directly into the bronchial tree as a local anaesthetic. inhibitor and neutrophil elastase can interact together, resulting in physicochemical alterations and hence major errors in quantification.2526 Similar problems may occur in measurements of the cleavage products of C3 and C5 within the lung. Immunoglobulin A is also subject to major quantitative errors if the secretory form is compared with the monomeric (or serum) form, which may be used as a standard.27 Possibly careful selection and assessment of the technique used will overcome these problems. Indeed, secretory IgA can be measured more accurately,28 though such methods are not commonly used.
Error may be introduced if batches of antiserum, even those from the same commercial source, are not identical. In these circumstances widely different results may be obtained even for the same sample. 25 Monoclonal antibodies may prove to be less variable than polyclonal antibodies provided that they are directed against an antigenic portion of the protein that is unlikely to change. Some proteins, in particular a, proteinase inhibitor, can also be subjected to qualitative assessment. Provided that the quantification of the protein is correct, much can be learnt about its role by assessing its ability (and that of other proteinase inhibitors) to inhibit enzymes. The validity of the results depends, however, on the purity and activity of the enzyme used. Commerical preparations of enzymes such as porcine pancreatic elastase (used to assess a, proteinase inhibitor), though relatively pure, are often only 60-70% active (unpublished observation). The specific activity for each batch must, therefore, be established before the results can be interpretated. Even if this is taken into account daily variability in the inhibitory capacity of proteins such as a1 proteinase inhibitor still exists and must be considered in the analysis of short term studies. 29 
Internal standardisation of results
The major problem encountered when the results of protein estimation within the lung are being interpreted is the variability which results from dilution of the secretions, particularly dilution by lavage fluid as mentioned above, and this is worthy of further consideration. The difficulty has usually been overcome by a process of internal standardisation, in which protein concentrations are expressed as ratios in relation to the concentration of a standard substance present in secretions. The ideal standard would be a substance which remained present in the lung secretions in a constant concentration in both health and disease. Several internal standards have been used but all have some disadvantages which may affect the interpretation of the results.
1 The total protein content of the secretion has been used by several workers.30-32 Interpretation of differences between groups depends on the assumption that the total protein content is the same in each group. This is unlikely to be true since changes in the inflammatory cell component alone may have major effects on the type and amount of the total protein present. Indeed, until all the proteins being measured have been clearly identified, changes in one in relation to the total can have very little clear meaning.
2 The use of monomeric (7S) IgA as a standard33 is based on the assumption that it is largely derived from serum. Recent work, however, has suggested that a proportion of 7S IgA is produced locally in the lung in patients with bronchitis. 34 In view of this dual origin its concentration will depend both on pulmonary inflammation altering transudation from serum and on changes in local production both between individuals and between disease groups.
3 Special methods may be applicable in the case of secretory IgA (which is assumed to be assembled in the lung from two molecules of IgA linked together and associated with secretory component). The use of a marker substance which has diffused from serum, such as albumin, may be inappropriate as a standard for this locally produced protein. 22 Measurement of several factors unique to the assembly of the secretory IgA molecule might, however, provide appropriate standardisation for its study. 35 4 It has been suggested that potassium may be a useful standard.36 Potassium ion does not, however, show a constant relationship to other components of bronchoalveolar lavage fluid when increasing volumes of lavage fluid are used.37 For this reason different results would be obtained even in the same individual when different initial volumes of lavage fluid were instilled. This is of major importance since the volume of lavage fluid used in different centres may vary from 60 to 300 ml.
5 Albumin has become most widely accepted as the standard for other proteins in lung secretions. Furthermore, the use of albumin has also received considerable critical appraisal in recent years. Albumin enters the lung secretions freely from the serum. Its concentration in the secretions will be dependent on the serum concentration and the degree of inflammation in the lung affecting protein transudation. It is thus useful as a means of standardising other proteins that are derived from serum and are of roughly similar molecular size. The use of albumin as a standard reduces the variability encountered in the measurement of a, proteinase inhibitor even though this is an acute phase protein which may show variation between patients in its serum and hence secretion concentration. The effect is illustrated in the top panel of table 1. The concentration of both albumin and protein X (for example, a, proteinase inhibitor) show variation that is greater in the case of protein X because of its acute phase nature. Correction of X for albumin reduces the variability strikingly and the two proteins are present in the same relationship in the secretion as they are in the serum. In practice, although some variability persists as a consequence of the inherent variability of the immunological techniques (between batch variability 4%), the use of albumin as an internal standard appears to be sound. 22 Dilution of the secretion by bronchoalveolar lavage fluid might be expected to increase variability of the individual protein measurements (lower panel,  table 1 ). This can, however, be eliminated by standardisation for albumin concentration and comparison with serum concentration can eliminate the disturbance caused by dilution and give results similar to those for the undiluted secretions (top panel, table 1).
Local production
In the case of proteins which are locally produced or Table 1 Idealised results (obtained from references 6, 18 which enter the lung secretions by an active transport mechanism, attempts to reduce the variability due to sampling difficulties by using standardisation for albumin content may result instead in an increase in variability. This is illustrated in At best, when a protein to albumin ratio in secretions is greater than would be predicted on the assumption of diffusion from serum, the evidence suggests a local mechanism that has increased the concentration of the protein in the lung. Further evidence such as immunohistochemical demonstration of the protein in lung cells and in vitro production of the protein by those cells is necessary to establish that local production occurs.
Inflammation of the lung results in increased protein transudation from serum into the lung. The concentration of lung albumin will rise in these circumstances and there will be a change in the relationship between albumin and the local protein. Standardisation for albumin must be eyed with even greater caution when local proteins are studied in bronchoalveolar lavage fluid. The variable dilution of secretions by the lavage fluid will increase the variability of the concentrations of all the proteins recovered (lower panel, table 2). In the example, however, when the concentration of protein Y in the fluid is standardised for albumin and the concentration ratio of Y to albumin compared with that in serum, the variability will be the same as in the undiluted secretion (top panel, table 2) and could show significant reduction even if the standardisation procedure is not really appropriate for the protein being studied. Recent work assessing the secretory IgA system in lung secretions offers some support for this.42 IgA results show increased variability when albumin is used as a standard in sputum measurements but decreased variability when it is used for bronchoalveolar lavage fluid in the same subjects despite the similarity of the relationship of the components of the secretory IgA system in the two secretions. Clearly, better methods are required for assessing proteins produced locally in the bronchial tree. Possibly better internal standards can be found. For example, study of the individual components of the secretory IgA molecule together might clarify and identify changes in IgA production within the bronchial tree. An alternative approach would be to use the absolute concentrations of the protein in each secretion alone (as for serum proteins). This, however, will require the development of methods which could accurately determine the dilution of the secretion by lavaging fluid. These may require the introduction of large molecular markers or radiolabels into the lavaging fluid. Such a method, using a methylene blue marker, has been reported recently. 43 With improved techniques changes in the release, production, and metabolism of local proteins as well as changes in protein transudation from serum might be identified with more certainty. This would allow more detailed study of the relationship between the protein content of secretions and disease processes in the lung.
Ever since the first identification of proteins in sputum their study in lung secretions has seemed to hold the promise of improved understanding of lung diseases. Already vital clues have been provided in diseases such as emphysema, fibrosing alveolitis, and the adult respiratory distress syndrome. Further progress, however, will probably be limited until better methods of collection, analysis, and correction of results and, moreover, better standardisation of the techniques between laboratories have be achieved.
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